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Abstract

In this paper we have considered the dusty fluidDvitdrbulence in a rotating system at
four-point correlation. Here three and four-poiotrelations between fluctuating quantities
have been considered and the quintuple correlationaeglected in comparison to the third
and fourth order correlations. For the conventibrtalculation, the correlation equations
are converted to the spectral form by taking tRewrier transforms. Finally, integrating the
energy spectrum over all wave numbers, the eneeggydof dusty fluid MHD turbulence in
a rotating system for four-point correlation systiermbtained.
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1. Introduction

In recent year, the motion of dusty viscous fluidsa rotating system has developed
rapidly. The motion of dusty fluid occurs in the veoent of dust —laden air, in problems
of fluidization, in the use of dust in a gas coglisystem and in the sedimentation
problem of tidal rivers. The behavior of dust paes in a turbulent flow depends on the
concentrations of the particles and the size ofptheicles with respect to the scale of
turbulent fluid. In geophysical flows, the system usually rotation with a constant
velocity; such large scale flows are generally tlebt. The Coriolis Effect strongly

affects the large-scale Oceanic, Atmospheric cattah, streams, western boundary
currents, geotropic balance, Rossby waves, Kelviaves, external ballistics for
calculating the trajectories of very long-rangellary shells. The Coriolis effects has
great significance in Astrophysics and Stellar dyits. It is also significant in the Earth
sciences, especially Meteorology, Physical geolagyl OceanographyKishore and

Golsefid [1] obtained and expression for the effettCoriolis force on acceleration
covariance in MHD turbulent flow of a dusty incorapsible fluid. Shimomura and
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Yoshizawa [2] derived expressions for statisticablgsis of an isotropic turbulent
viscosity in a rotating system. Shimomura [3] aladied a statistical derived two-
equation model of turbulent scalar flux in a rotgtsystem. Chandrasekhar [4] obtained
the invariant theory of isotropic turbulence in matp-hydrodynamics. Kishore and
Singh [5] considered the effect of Coriolis forae acceleration covariance in turbulent
flow with rotational symmetry. Sarker and Kishor@] [studied the decay of MHD
turbulence before the final period. Sarker andnis|@] obtained the decay of dusty fluid
MHD turbulence before the final period in a rotgtisystem. Sarker and Ahmed [8]
pointed out that the fiber motion in dusty fluidtulent flow with two point correlation.
Dixit and Upadhyay [9] obtained the effect of Cdisdorce on acceleration covariance in
MHD turbulent dusty flow with rotational symmetrzad et al. [10] studied the
statistical theory of certain distribution functsoim MHD turbulent flow for velocity and
concentration undergoing a first order reactioa iotating system. Islam and Sarker [11]
studied the first order reactant in MHD turbuleibedore the final period of decay for the
case of multi-point and multi-time. Azad and SarKe2] obtained the decay of dusty
fluid MHD turbulence before the final period in atating system for the case of multi-
point and multi-time. Mondal [13] studied the deadydusty fluid turbulence before the
final period in a rotating system. Azatlal. [14] studied the first order reactant in MHD
turbulence before the final period of decay in tting system. Rahman [15] obtained the
decay of first order reactant in incompressible MtdEbulence before the final period for
the case of multi-point and multi- time in a rotatisystem.

Deissler [16, 17] developed a theory ‘on the demfalyfomogeneous turbulence before
the final period’. By analyzing the above theorigs have studied the decay of dusty
MHD fluid turbulence in a rotating system for fopeint correlation. We have considered
two, three and four-point correlation equationgmfteglecting the quintuple correlations
in comparison to the third and fourth order cofielaterms. Finally we have obtained the
decay of dusty fluid MHD turbulence for four-pottrrelation in a rotating system.

2. Basic Equations

The equation of motion and continuity for viscous;ompressible MHD dusty fluid
turbulent flow are given by [7] as
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3. Mathematical Formulation
To find the four point correlation equation, follmg Deissler’s [17] we take the

momentum equation of dusty fluid MHD turbulenceairrotating system at the point p
and the induction equation of magnetic field flattan at p’, p” and p” as
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whereW:£+1<h2> is the total MHD pressure,p(X,t)is the hydrodynamic pressure,
o 2

L is the fluid density,pM =Y is the Magnetic Prandt| numbay, is the angular velocity
A

componentsg£ . is the alternating tensog, = ﬂnRﬂp. is the mass of a single spherical
1 3 1

dust particle of radiusR and p constant density of the material in dust particles.

¢ = KN, is the dimensions of frequency, K is the Stocitisig resistanceN is the
Yol
constant number density of dust partidie. is the kinematics viscosityl, is the magnetic

diffusivity, h (x,t)is the magnetic field fluctuationy), (X,t)is the turbulent velocity,

V, dust velocity component,t is the time, X, is the space co-ordinate and repeated

subscripts are summed from 1 to 3.
Multiplying Eq. (5) by h'h'h” (6) by u h’h” (7) by u,h'h" (8) by u,h'h’ and adding
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the four equations, we than taking the angularl{ma%:i) CZCRR ). we get

o(u i) | o(uuhihy) atn hhihy) , Oy hhRT) a(u,uhh'her)

ot 0X, 0x, 0, 0x,

duu'nh'h™y _ 0 [(—sm=m), O (7 g
+ O U™ _F(ulhhmhkuj)"'F ulukhhjhm)
ox; X Xk

a f n U n a f n I " " —_— _67
- — hjhm)‘mkulujhihjhm)— — (wWhih'h?) + 9 (G Ry +

Xic k 0X, 0%, 0%, :



80 Decay of Dusty Fluid MHD

(uhh'h™)]-

[ I 1]

(ul hl h;'h::: a ma m

v
h hnhm +
pM [a axk( I | m)

EnQ, (m) £4Q4 (uuhh) +& Q (uujh,hm)

T m

£, (orumyr )] +f[u|h.h;'h::) R )

m ImthtT

Using the transformations,

9 _90 9 _o0 0 __0,0. 39

TS — = —t—*t)
ox, Or, ax. o' 0, or, odr, or/

and the nine-dimensional Fourier transforms

00 00 00

(R EREIRED) = [T [{ar @y vakn) expl ke +K 7+ k) dkdk k',

—0000 00

(9)

(10)

(uy iy ()0 (P ) (F)) = j j j<¢;¢1(k)y(k)y(k);/"(k")}exp[(kr +KP KPR, (11)

—0000 00

0 0 00

(u b ()R e (F7) = [[[{ad @y, (v Ry expl (R +K 5+ k) dkadkck,
(uuhy (F)ny () (F)) = j j j (@at )y Ry RYYR) expR(KF + K1+ K ) koK,

0 00 00

(ORI =TT morkom oy dypsn) expihs + .+ ey,

—0000 00

(uuhy (F)ny (F )i (F7)) j j j (@@ Ry yakn) expli(k s + K7+ k") dkdkdk,

—0000 00

(wurty (P e (F)) - TTT(W(Q) YRR (k) expli (KF + K5 + k" P7)dkaK k",

(why (F)ny (P )hn(F) = “j<5y(k)y(k)y (k")) expl (KF +K'F"+ k" F")dkak'ck”,

—0000 00

(wh ()R (P (7)) = jﬁ(q, YRR V(R ) expl (R + K7+ K )oKk,

—00m 00

with the fact

u umh hnhm = u Ukhl h;’h:,:, u umh h hm - 7[1 u hh'h

i m Lhihg T
uughhiht = uuhh hhy: uuhhihn = uuhhehhys

and by taking contraction of the indicésandj, i and m, we obtained
correlation equation as

(12)

(13)

(14)

(15)

(16)

17)

(18)

four-point



M. A. Bkar. PK et al. J. Sci. Res. 5(1), 77-90 (2013) 81
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If we take the derivative with respect ¥ of Eq. (5) and multiplying bM’h"h"’ using

time averages and writing the equation in termthefindependent variables, ', i, we
have
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Egs. (19) and (20) are the spectral equation correspondo the four-point
correlation equation.

3.1. Three-point correlation

The spectral equations corresponding to the thoés-pcorrelation equations by
contraction of the indicesandj are
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Here the spectral tensors are defined by
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(wh! (P)ht (7)) = ”< (K)B; (K)) expl(KF + K. ) kK. (28)
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A relation between@@/gi'/g}'and ayy|y. can be obtained by letting" =0 in Eg.
(10) and comparing the result with Eq. (24), we get

(900800 = [y Ry @)k (29)

3.2. Two-paint correlation

The spectral equation corresponding to the two tpaiorrelation equation taking
contraction of the indices is
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(h(©) = [ (¢4 expli(k]dk 61)
(UhN () = [ (a,4,(0) expi (kD) (32)

The relation betweeuwr, ¢, ¢ (k) and g, B3] is obtained by letting” =0 in Eq.
(22) and comparing the result with Eq. (31), then
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4. Solution Neglecting Quintuple Correlations

Using f(/7|ViViVn'§):R(m)* 1R=s, and neglecting all the terms on the right silEq.
(19), then integrating betweety and t, we get
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Where<¢?y'y;'y"> is the value °f<¢U/VJ-'V"> att= t, thatis stationary value for small
I m 1 I m

values ok, k' and k" .Substituting of Egs. (22), (29), (34) in Eq. (2i)d integrating
with respect tokj,k; ,Kk; and farther integrating with respect to time, amcbrder to

simplify calculations, we will assume thpa], = 0;That is we assume that a function
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sufficiently general to represent the initial cdiatis can obtained by considering only the
terms involvingp], and[d, and the integration is performed, then substigitire obtained

equation in Eq. (30) and setting = 27k2¢,¢; ,we obtain
OH 2Kk (35)
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whereH is the magnetic energy spectrum function, whighresents contributions from
various wave numbers to the energy d@ds the energy transfer function, which is
responsible for the transfer of energy between wawabers .In order to make further
calculations, an assumption must be made for thedmf the bracketed quantities with
the subscripts 0 and 1 in §&6) which depends on the initial conditions.

@ (k@B AR K)) = (kABBIK~K) I, =~ & (KK ~k*k'?) (37)

whereg, is a constant depending on the initial conditidos the other bracketed

guantities in Eq. (36), we get
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The integral expression in Eq. (40), the quangp/represents the transfer function

arising owing to consideration of magnetic field tatee point correlation equation;
Gyarises from consideration of the four-point equatimtegration of Eq. (40) over all

wave numbers shows that

wG:
-([dko

(41)

Indicating that the expression foG satisfies the conditions of continuity and
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homogeneity, physically, it was to be expected;estd is a measure of transfer of energy
and the numbers must be zero. From (35),
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2
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In Eq. (43) H,and y, magnetic energy spectrum arising from consideratibthe

three and four—point correlation equations respelti Eq. (43) can be integrated over all
wave numbers to give the total magnetic turbuleetrgy.
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which represents the equation of the decay of dustip turbulence in a rotating system.
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(9.75.3(2115855+ 423738(,, —424578®°v —1692768@°u —14783328"
-4218816°w —4368p°u)

B 2%+ 2p, )’ -
Eq. (44) can be written as
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where f =2Qsing is the Coriolis parameteM is the dust particle paramete{h2>

denotes the total energy that is, mean squaresahtémgnetic field fluctuation in four-point
correlationt is the time, and\ , B, C, D, t{, andt; are arbitrary constants determined

by the initial conditions . The first term of rightind side of Eq. (45) corresponds to the
energy of magnetic field fluctuation of two-poindreelation; the second term represents
magnetic energy for the three-point correlatiore third and fourth term represents
magnetic energy for four-point correlation. If Ggi$ force and dust particles are absent
then Eq. (45) is of the form

h2 E 15 Ry
<2> = Alt=t,)2 +B(t-t,) " +C(t-t)  +D(t-t)* - (46)

which is the energy decay of MHD turbulence forrfpoint correlation in non rotating
system. If§, =0 then the Eq. (46) becomes

<2>:A(t t)2+B(t t,)™ (47)

This was obtained earlier by Sarker and Kishore 8} large times, the second term
in the equation becomes negligible, leaving th2 gwer decay law for the final period.

5. Results and Discussion

This study shows that the terms associated withhibber-order correlation’s die out
faster than those associated with the lower ordeesoHere three and four-point
correlations between fluctuating quantities haverbeonsidered and the quintuple
correlations are neglected in comparison to thel thnd fourth order correlations. If the
guadruple and quintuple correlations were not retgte Eq. (44) contains more terms in
negative higher power oft —t,) and (—t,) would be added to Eq. (44). In this case, the
energy decay of MHD turbulence is greater thanfolue-point correlation in  a rotating
or non-rotating system. Here Eqgs. (45) and (46)rapesented byly2y3y4y5 and
y6,y7,y8,y9y10 respectively corresponding to the valugs-t =.5, 1, 1.5, 2, 2.5. For
different values of andM, the energy decay curves obtained from Eqgs. (46)édare
plotted in Figs. 1 to 6, respectively.
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Fig. 1. Energy decay curvesfferOM = 0. Fig. 2. Energy decay curvesffer2.54,M = 0.
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Fig. 3. Energy decay curves fer2.54,M = 2. Fig. 4. Energy decay curves fo0,M = 2.54.
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Fig. 5. Energy decay curves for 2.54,M = 1.54. Fig. 6. Energy decay cunaed £ 1.54,M = 2.54.
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6. Conclusion

If f andM are equal then the solution of (45) reduces to(&8®). that is the decay of four-
point correlation of MHD turbulence. We see thatinotating system the energy decays
slower than the non rotating system for four-pa@iotrelation in MHD turbulence due to
f>M. From Figs. 1 to 6, we observe that in a rotatingtay iff<M the energy die out
very faster than the non rotating systerherefore, the decay of energy of dusty fluid
MHD turbulence in a rotating system for four-poautrrelation is greater than the decay
of MHD turbulence for non rotating systemfiM is negative sign and smallerfiM is
positive sign in the Eq. (45).
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